Calcium-borates, mainly pandermite (priceite) and howlite, but also bakerite and colemanite, are intercalated within the Sultan~ayir Gypsum (Miocene, Sultan~ayir Basin, western Anatolia). This lacustrine unit, represented by secondary gypsum in outcrop, is characterized by: (1) a clear facies distribution of depocentral laminated lithofacies and debris-flow deposits, a wide marginal zone of sabkha deposits, and at least one selenitic shoal located toward the basin margin; (2) evaporitic cycles displaying a shallowing-upward trend; and (3) a diagenetic evolution of primary gypsum to (burial) anhydrite followed by its final re-hydration. The calcium borates precipitated only in the depocentre of the lake and were partly affected by synsedimentary reworking, indicating that they formed during very early diagenesis. The lithofacies, which are made up of a host gypsum (finely laminated) and borates (nodules, irregular masses and discontinuous bands; also fine laminations), indicate that the borates grew interstitially because of the inflow and mixing of borate-rich solutions with basinal brines. Borate growth displaced and replaced primary gypsum beneath a relatively deep depositional floor. Borate formation as free precipitates was much less common. The anhydritization of primary gypsum took place during early to late diagenesis (burial <250 m deep). This process also resulted in partial replacement of pandermite and accompanying borates (bakerite and howlite) as well as other early diagenetic minerals (celestite) by anhydrite. Final exhumation resulted in the replacement of anhydrite by secondary gypsum, and in the partial transformation of pandermite and howlite into secondary calcite.
INTRODUCTION
The genetic relations between borates and sulphates in evaporitic deposits are poorly understood, despite economic interest in some borate occurrences. Published reports of these mineral associations in recent and ancient -mainly Neogene -sedimentary formations are scarce and the majority of case studies are based on shallow lake and playa environments. In the Furnace Creek Formation (Miocene, Death Valley, California), Barker & Barker (1985) pointed out that both gypsum and anhydrite contain limited amounts of borates. In Searles Lake (Pleistocene, California), Smith & Haines (1964) illustrated the complexity of parageneses involving borates, sulphates and other mineral groups, which make a clear understanding of the genetic relations between these precipitates difficult. In the numerous salt lakes and playas of western China, Sun & Li (1993) gave examples of sulphates and borates in association. Nevertheless, the paragenesis of these examples is very variable and depends on many factors, preventing generalizations on facies arrangement for the sulphatel borate precipitates in the lakes.
In the Pleistocene to recent 'salar-type' evaporitic environments of La Puna (Andean region, Argentina), different borate-sulphate facies arrangements have been reported. In the Salar Rinc6n, Igarzfibal (1991) distinguished, from the margin to the centre, the following facies belts: carbonates (travertines or tufa), borates, sulphates (gypsum) and chlorides (halite). A similar facies distribution has been recently documented by Vandervoort (1997) in the Pleistocene Blanca Lila Formation near the Salar Pastos Grandes, where ulexite was the first evaporite to precipitate followed by gypsum and then halite. In contrast, in the Neogene formation near the Salar Hombre Muerto, Alonso (1991) illustrated a facies belt involving: marginal sulphates (gypsum), intermediate borates and central chlorides (halite). The same facies arrangement occurs in the Tincalayu ore-body of the Neogene Sijes Formation (Alonso, 1991) . A similar sequence was also reported by Helvaci & Firman (1976) in the southern area of the Emet boratiferous district (Anatolia) where these authors distinguished, from the margin to the lacustrine centre: carbonates, sulphates (gypsum) and borates (colemanite). Thus, borates in evaporitic solutions apparently precipitate over broad salinity ranges such that mineral sequences and facies arrangements are difficult to predict.
The Neogene borate deposits of western and central Anatolia are well known because of their economic value. The major boratiferous districts are: (1) Bigadiq, (2) Sultanqayir, (3) Kestelek, (4) Emet and (5) Kirka (Fig. 1A) . All these deposits formed in Miocene closed lacustrine basins with abnormal salinity and alkaline conditions, during periods of volcanic activity (Kistler & Helvaci, 1994; Helvaci, 1995) . The borate deposits usually constitute discrete units which are interbedded with, or pass into clays and carbonates. The Sultanqayir district, however, is the only area where borates: (1) occur as relatively thin, discontinuous masses intercalated within the hostsediment; and (2) the host-sediment is formed by a thick gypsum member.
The aim of this paper is to report on the genetic relations between sulphates and the borate-bearing mineralization of the Sultanqayir basin, in order to improve our general understanding of borate deposits linked with evaporite formations. claystone unit is referred to here as the Sultanqayir Gypsum.
Gypsum is abundant in this evaporitic Miocene sequence while calcite, zeolites, smectite, illite and chlorite are associated minerals. Volcanogenic sanidine, anorthoclase, quartz and clay minerals such as illite and smectite are also present in the associated tuffs and claystones where boron-bearing K-feldspar, clinoptilolite and opal C-T are authigenic silicate phases (Helvaci, 1994) .
Detailed stratigraphic observation, sampling and facies analysis was carried out in gypsum quarries (numbered 1-6 in Fig. 2A ). Some mixed secondary gypsum-anhydrite samples were collected from the waste piles of old borate mines, however, no data from the subsurface (boreholes) are available, and it is not possible to visit the ancient galleries at present. Fifty samples were analysed by X-ray diffraction (XRD) and studied petrographically. Electron microprobe analysis (EPTA) was used for the identification of accessory borate minerals (bakerite).
THE SULTANCAYIR GYPSUM: SEDIMENTOLOGY A N D DIAGENESIS
The Sultanqayir Gypsum has a surface area of about 80 krn2 in the central part of the Sultanqayir basin, where it is up to 50 m thick.
Gypsum petrology
Our study indicates that all gypsum which crops out in this basin is secondary and underwent a complete diagenetic cycle of transformations (primary gypsum, replacive anhydrite, secondary gypsum). This statement is based on the textural characteristics of the gypsum rocks and the presence of anhydrite relicts in the studied thin sections (see below). Thus, primary gypsum and anhydrite are absent in all quarries. Our observations also indicate that the final rehydration of anhydrite into secondary gypsum near the surface operated volume for volume, in the manner described by Mossop & Shearman (1973) . Therefore, the secondary gypsum still contains information to determine original lithofacies and deduce depositional environments.
Lithofacies description and stratigraphic correlation
The following original gypsum lithofacies are recognized ( Fig. 3): (a) Laminated (up to 1 mm thick) and banded (from 1 mm to 1 dm thick) gypsum (Fig. 3A) . Finely banded lithofacies are planar and usually <1 cm thick. Some gypsum laminae and bands alternate with thin laminae of microcrystalline carbonate (micrite) or dark clay. This facies forms layers up to several metres thick where both current and wave-formed ripples are present. Banded facies display a pseudomorphic texture which was originally made up of sandy gypsum crystals (Fig. 3B) . (b) Selenitic ('grass like') gypsum. This lithofacies consists of selenite crystals (now as secondary gypsum pseudomorphs), up to 5 cm high, arranged subvertically (Fig. 3C) ; this lithofacies forms layers up to several dm thick; some thin levels are formed by 'microselenites' (1-2 cm). (c) Intraformational gypsrudites. This lithofacies is composed of dm-m scale massive layers with erosional bases. The layers are made up of matrixsupported breccias and conglomerates of partly rounded larninatedlbanded gypsum fragments (Fig. 3D) ; the matrix, which was originally gypsarenitic-gypslutitic, is partly calcareous. (d) Intraclastic breccias. This lithofacies corresponds to in situ deformation and only partial brecciation of layers of larninatedlbanded gypsum. It forms layers up to 1 m thick where there is no evidence of transport (Fig. 3A) . (e) Nodular. This lithofacies is relatively common and several types may be distinguished: (1) Banded-nodular: this is present in sporadic layers up to a few dm thick which display an internal nodular or undulating structure; it is made up of either coarse-crystalline secondary gypsum of distinctive brownish colour or fine-grained alabastrine secondary gypsum. (2) Alabaster nodules: these nodules occur isolated within the laminated-banded lithofacies and reach sizes from a few cm to several dm; they are made up of white, fine-grained, alabastrine secondary gypsum. (3) Enterolithic layers: these appear as rare, 1 dm thick levels intercalated within the gypsum bands. All these occurrences represent displacive, interstitially grown nodules.
Section 1 (Quarry 1, Fig. 2 ). This section has the thickest and most complete gypsum exposure ( --- (Fig. 2) . Section 1, with the borate occurrences, is the 'master section' with four clear evaporitic cycles. Precise correlation with Section 5 is not possible.
One millimetric ostracod horizon was found in a there evidence of other organic activity. Halite single hand specimen of an undetermined posimoulds preserved in secondary gypsum were also tion (loose block) in the section, but nowhere was found in loose blocks.
Sections 2-6 (Quarries 2-6, Fig. 2 ). The main differences with respect to Section 1 are described below. In Section 2 an intraclastic breccia and some carbonate-rich intercalations occur in the upper part; nodular horizons are also more common (Fig. 4) . In Section 3 (Fig. 4) , three main nodular horizons are intercalated in the lower part, whereas in the upper part the nodular horizons are more frequent; further, a clay horizon with gypsum-filled mud cracks is present. Partial brecciation is still evident in the upper part of the section. Section 4 is similar to the profile in section 3. In Section 6, nodular lithofacies are relatively abundant, intercalated within the banded lithofacies. In contrast, in Section 5 ( Fig. 2A ) selenitic (pseudomorphic) facies are ubiquitous, in layers with thicknesses between a few cm and a few dm (Fig. 4) . Stratigraphic correlation between representative sections (Fig. 4) can be made on the basis of the gypsiferous clay horizon which separates the two bedded gypsum parts that extend along the Kara Dere River line.
Interpretation of facies, cyclicity and sedimentary environments
Laminated and banded lithofacies can be attributed to primary precipitation in a relatively deep lacustrine environment, where gypsarenites represent sporadic detrital intercalations. Selenitic gypsum is interpreted to have been precipitated in shallower waters, as local shoals. Intraformational gypsrudites, that only occur in the depocentre, represent subaqueous, gypsiferous debris-flow deposits resulting from slumping generated by fault-controlled instability of the depositional floor. The same origin (slumping) may account for the intraclastic breccias. Synsedimentary dissolution of either halite or gypsum as an origin for intraclastic breccias is discounted here because: (1) the gypsum clasts in the gypsrudites are rounded to some degree; (2) the bases of the gypsrudites are erosional; and (3) evidence of significant halite precipitation is lacking. Nodular lithofacies were formed originally as anhydrite, which probably grew in a sabkha-like setting; nevertheless, a few nodular-brecciated and enterolithic structures might have formed by mechanical deformation of the gypsum layers due to slumping and gravitational instability.
In each evaporitic cycle of Section 1 (Fig. 4) , we interpret the lower lutite as a result of an initial dilution stage of the lake. Presumably the water became progressively concentrated, reaching its maximum concentration in the upper evaporitic unit. At the cycle top, the intraformational gypsrudite may have been induced by seismicity (or volcanic activity) related to basement fractures. No evidence of subaerial exposure was found in this section, although the nodular horizon located toward the base of layer B (Fig. 4) may represent a brief sabkha episode. Thus, most evaporitic sedimentation occurred subaqueously. According to the change from laminated and debris-flow gypsum deposition in the lower cycles (II, 111; Fig. 4 ) to a selenitic lithofacies in the upper one (IV; Fig. 4) , an up section shallowing trend is indicated. The banded-nodular lithofacies intercalated in the laminated gypsum in Sections 2 (Fig. 4) , 4 and 6 can be interpreted as sabkha episodes, consistent with a more marginal position in the basin ( Fig. 2A) . The shallowing tendency in the depocentre (Section 1) seems to correspond to the widespread abundance of nodules in the upper part of the gypsum in the margin (Section 3).
The correlation established in Fig. 4 defines three lacustrine subenvironments (Fig. 5) . 1 A basin depocentre with laminated lithofacies, 30-50 m thick, with intercalated subaqueous debris-flows. The position of the intercalations presumably was fault controlled (Fig. 2A) or by differentiated relief of the basin floor. Water depth could have oscillated between one and some tens of metres; stratified water with stagnant episodes preserving organic matter was common, as suggested by the presence of dark clay laminae associated to the laminated gypsum lithofacies. The precipitation of halite crystals (halite moulds observed in Section 1) seems to have occurred only interstitially. 2 A wide marginal zone in which nodular (originally anhydrite) lithofacies, formed in sabkha-like environments intercalated with the banded lithofacies that formed subaqueously. 3 Local 'selenitic shoals'; the sedimentary record of this subenvironment (up to 15 or 20 m) is very homogeneous (Section 5, Fig. 4) , and the existence of other similar zones in the evaporitic basin can be envisaged; possibly these selenitic shoals expanded toward the centre at the final evaporitic stage, as indicated by the presence of selenitic layers towards the top of Section 1 (Fig. 4) .
Diagenetic observations and interpretation
The original gypsum precipitate is only present as anhydrite or secondary gypsum pseudomorphs: selenites and microselenites (Sections 1 and 5 in Anhydrite (or secondary gypsum pseudomorphs after anhydrite) has a prismatic fabric. The laths are generally <I-2 mm long and unoriented. Less commonly, large, parallel aggregates or radial arrangements are observed. Fine-grained textures, either felted' or granular, are totally absent. Crystalline fabrics are homogeneous in all the studied sections suggesting a single anhydritization generation. The abundance of anhydrite pseudomorphs after precursor gypsum crystals demonstrates the replacive origin of anhydrite. This finding, together with the good preservation of the various depositional structures of gypsum and the abundance of selenitic pseudomorphs, suggests that the anhydrite formed mainly during burial diagenesis.
Secondary gypsum is mainly fine-grained alabastrine and, to a lesser extent, a coarse-crystalline variety. The latter can be easily recognized from its cleavage, which crosscuts several gypsum layers. Porphyroblastic textures are infrequent. The evidence of secondary gypsum formed from hydration of anhydrite is indicated by the presence of these typical crystalline textures, abundant anhydrite relicts preserved in the gypsum (Fig. 3B ) and the ubiquitous presence of pseudomorphs of precursor anhydrite (Fig. 3E,F) . These observations suggest a general diagenetic sequence common to many calcium sulphate deposits: i.e. (1) primary depositional gypsum, (2) replacive anhydrite during burial, and (3) secondary gypsum from anhydrite hydration during exhumation. The sedimentary cover preserved above the Sultan~ayir Gypsum is relatively thin (about 150 m). Although an unknown thickness of the overlying Neogene-Quaternary cover has been eroded, stratigraphic and geomorphologic evidence (Giindogan & Helvaci, 1993) indicates that this uppermost part could not have been very thick (less than 100 m). Thus, it is difficult to account for total burial greater than 250 m, not deep enough to cause the anhydritization of the gypsum under a normal geothermal gradient (Murray, 1964) . However, the continuous Tertiary volcanic activity in this region may mean that the geothermal gradient was higher than normal, favouring anhydritization.
Other minerals. Celestite is present in many thin sections, in general as anhedral to euhedral crystals up to 0.15 mm in length. Celestite replaces primary gypsum (celestite penetrates the pseudomorphs after primary gypsum) but it is largely replaced by anhydrite (celestite is penetrated by the anhydrite laths or their pseudomorphs; Fig. 3E ). Only in a few cases do very small crystals of celestite replace anhydrite laths. These cases support the presence of a late generation of celestite probably related to the final hydration of anhydrite and associated strontium release.
Quartz is mainly present as spherulites and radial aggregates generally as length-slow chalcedony (mainly lutecite, up to 1 mm in diameter) in accordance with the sulphate-rich porewaters (Folk & Pittman, 1971 ). This chalcedony is partly penetrated (replaced) by anhydrite laths (or their pseudomorphs) indicating that anhydrite formed later. In Section 3, the top of the upper gypsum contains nodules and masses of chert (Fig. 4) , composed of microquartz and lutecite aggregates.
Calcite is present within the sulphates: (a) as microcrystalline sediment (micrite) in some laminae and as the matrix of some intraformational breccias, and (b) as diagenetic calcite. In the second case, two different generations exist: (1) anhedral to subhedral calcite crystals, relatively free of inclusions and up to 2 mm; (2) dark, fibrous or radiating calcite aggregates (200-250 pm) with abundant solid inclusions. These calcite phases replace anhydrite and have themselves been replaced only partially by the secondary gypsum indicating a later diagenetic origin.
THE BORATE OCCURRENCES
Pandermite ( = priceite; Ca4Bl0OI9.7H20) and howlite (Ca4Si2B,,023~5H20) are the most important borates present in the lower part of the Sultan~ayir Gypsum (Section 1; Fig. 4) , the borate-bearing gypsum beds being up to 15 m thick. Minor amounts of bakerite [Ca4B,(B04)(Si04)3 (OH)3 . H20] and colemanite (Ca2B6OI1.5H20) are also present. Pandermite is the most abundant borate and'was formally economic to mine.
Pandermite is white and compact, occasionally powdery. The main lithofacies are: (1) nodules (from <I cm to > I m in diameter) and masses with a poorly defined nodular morphology (Fig. 6A) ; (2) discontinuous bands, lenticular layers, and stratiform masses (up to 2 dm thick) or patches with an irregular appearance (Fig. 6B) ; (3) veins, irregular masses and dykes, all filling discontinuities or crosscutting the gypsum layers (Fig. 6C) . Nodules, bands and stratiform masses usually deform and intercalate displacively with the gypsum laminae.
Pandermite has massive, fine-grained, relatively equant and homogeneous crystalline fabrics, with tiny rhombohedrons (average: 10-20 pm) which are generally unoriented. These rhombohedron~ may correspond either to single crystals, or display an internal fibrous appearance (Fig. 6D) , locally with undulose extinction; less commonly, individual prisms of pandermite in parallel or random orientation are present. Elsewhere, these crystalline fabrics of pandermite appear laminated or arranged in micronodules. The pandermite may display convolute lamination, suggesting that it was deformed by compaction and that its growth occurred during early diagenesis. Pandermite has been replaced by howlite (Fig. 6D) and to a minor degree by bakerite and colemanite (Fig. 6E) .
Fine laminations of pandermite (from <1 mm to 1 cm thick) also occur locally (Fig. 6B) . These laminations may exhibit a very pure, fine-grained pandermite fabric, or may grade into a detrital mixture of pandermite and fragments of lutites or volcanic-ash particles; these mixtures also contain small (up to 1 mm) intraclasts of pandermite, indicative of some mechanical reworking.
Howlite is present as compact, individual nodules (<I cm up to 1 dm in diameter), which are dense and structureless. These massive nodules are hosted within the gypsum laminae which they may replace or displace (Fig. 7A) , or within the pandermite masses which they replace (Fig. 6A) . Alternatively, they may be embedded in pandermite-gypsum mixtures. Crystalline fabrics of howlite are fine-grained and homogeneous, with prismatic sections up to 0.15 mm in length. Prisms may be decussate or arranged in groups with a parallel tendency, or may form poorly defined radial aggregates or micronodular structures. Bent and broken prisms resulting from compaction also occur (Fig. 7B) . Howlite prisms replace former minerals (gypsum, pandermite and bakerite) and only rarely are unreplaced remnants of pandermite or bakerite found near the outermost part of the howlite nodules (Fig. 6D) .
Bakerite is visible only under the microscope, and accompanies pandermite or howlite. It forms small crystalline aggregates (from <30 pm to 0.2 mm) which may be globular to ovoid, fusiform, rectangular or even irregular in shape. Crystalline fabrics may change from perfectly spherulitic, with a high relief (Fig. 7B) , to a poorly arranged radial fabric, and to an unoriented microcrystalline mass. Bakerite aggregates are developed mainly within the pandermite, which they replace locally. Moreover, these aggregates grew poikilitically within the clayey host-sediment, usually as isolated ovoid morphologies or grouped in irregular masses. Scattered, individual aggregates can also be found in the gypsum1 anhydrite host sediment. Bakerite has been identified by XRD on sample residuum after gypsum dissolution, and also by EPTA determination. According to the latter, the chemical composition of the spherulites (Si02: 27.38%; B203: 29.82%; CaO: 36.55%; Na20: 0.06%; H20: 5.70%) is very close to the formula Ca4B4(B04) (Si04)3(OH)3 . H20. Colemanite is present only in minor amounts as radial aggregates or in palisade fabrics with crystal sizes reaching up to 2 cm. Colemanite crystals clearly replace the pandermite fabrics (Fig. 7Cl . These aggregates may also precipitate on the surfaces of the howlite nodules without replacing them (Fig. 7D) . Thus, colemanite also postdates howlite.
The lithofacies and petrographic evidence indicates that the borates mainly grew interstitially, displacing or replacing the host gypsum, and prior to the lithificationlcementation of the sulphate deposit. The fine laminations of pandermite suggest that only this mineral was also able to precipitate originally in the water column. The relative timing of growth of the borate minerals was, first pandermite, followed by bakerite and howlite, and then colemanite.
Sedimentological interpretation and diagenetic relations with the calcium sulphates
Borate minerals are areally confined to the central part of the evaporitic unit ( Fig. 2A) and stratigraphically limited to the lower cycles (layers B and C, Section 1; Fig. 4 ). Borates in Iayer Bmainly massive pandermite and nodular howlite -are the most significant and appear mainly as i n situ growths. Borates in layer C also grew in situ but are in part clastic, as indicated by the presence of some angular borate fragments as well as some laminated gypsum clasts with intent displacive borate nodules (Fig. 3D) . Presumably, these clastic borates came from the synsedimentary reworking of layer B. Thus borate mineralization occurred during very early diagenesis.
calcite, secondary gypsum and minor celestite. Secondary gypsum replaced anhydrite extensively. In this process minor celestite crystals formed. Calcite replaced some former minerals, in particular pandermite, howlite and anhydrite.
We believe that borate growth derived from interstitial solutions saturated with calcium borate, which formed when boron-rich solutions mixed with the evaporitic brines. Boron may in part have been sourced by synsedimentary hydrothermal solutions reaching the basin from the basement, or from thermal springs. The supply of such solutions into the basin brines over very short time periods would have been related to regional volcanic activity (the association of these types of solutions and volcanic rocks is known elsewhere in the world; Kistler & Helvaci, 1994) . For instance, one hot spring in the Sultanqayir zone, the Yildiz thermal spring, issues from the metamorphic basement complex and contains 0.96 mg1L boron, and is at present depositing major thenardite, nahcolite and quartz (Helvaci, 1994 ; table 4). Thus, it seems very likely that a similar spring was the main source of boron, and probably also of calcium and sodium at the time of borate fo~mation.
The physicochemical conditions for the formation of the calcium-borate minerals present in the Sultanqayir Gypsum are only poorly understood. According to Helvaci (1994) , pH exerts a major control on the precipitation of borates and values higher than 8 are required. In the Sultanqayir Basin a pH >9 could have existed in the final stage of lake evolution in the central zone, as indicated by the presence of authigenic K-feldspar (Helvaci, 1994) . Moreover, it has been reported that colemanite precipitates at a lower pH than ulexite or borax (Christ et al., 1967; Palmer & Helvaci, 1995) . Thus, the borate sequence observed in the Sultanqayir Basin could reflect a progressive variation of the pH in the boratiferous brine.
In the case of pandermite, there is a total absence of any borate precursor and evidence for the primary precipitation of pandermite exists. Regarding howlite, Helvaci (1994) indicated that its growth, in the Turkish districts, was coincident with periods of increasing silica concentration in the interstitial brines.
CONCLUDING REMARKS
1 The calcium borate deposits of the Sultanqayir Basin consist of pandermite (priceite), howlite, bakerite and colemanite that occur mainly as nodules, irregular masses and bands, and as fine laminae to a lesser extent. These borates mainly grew displacinglreplacing primary gypsum sediments in the depocentre of a relatively deep lacustrine environment. 2 The growth of borates took place mainly beneath the water-sediment interface of the lake and the presence of reworked borate clasts and nodules confirms the synsedimentary origin of these occurrences. Also, small amounts of laminated pandermite seem to have precipitated primarily in the water column.. 3 The relative timing of the growth of the borate minerals was as follows: pandermite (first generation), bakerite, howlite and colemanite (last generation). The origin of all these borates is related to the mixing of borate-rich solutions with lacustrine brines under progressive evaporation. 4 The gypsum lithofacies are related to the lacustrine subenvironments: a relatively deep central zone (laminated lithofacies and debrisflow deposits), a wide marginal belt (nodular lithofacies) and a local selenitic shoal. 5 Sedimentation in the gypsum unit reflects cyclicity. In the depocentre, cycles were controlled by evaporation and gravitational instability (based on the erosional base and the presence of rounded clasts in the intraformational gypsrudites), and display a shallowing upward trend. Borates intercalate in the second gypsum cycle. 6 The anhydritization of the primary gypsum initiated in early diagenesis and was very active in burial. During this process, the various borates (mainly pandermite) as well as other early diagenetic minerals (quartz and celestite) were partly replaced by anhydrite. In late diagenesis (exhumation) anhydrite was rehydrated into secondary gypsum, and some calcite (replacing gypsum and borates) and celestite were formed.
